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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor device 
having a ferroelectric capacitor which is suppressed in the 
deterioration due to the reducing action by hydrogen and superior in 



characteristics. 

SOLUTION: On a silicon substrate 1, a first hydrogen barrier film 
101, a lower electrode film 30, a ferroelectric film 4,, an upper 
electrode film 50, and a second hydrogen barrier film 102 are 
deposited in the order through an insulation film 2. Using a mask 
103, the hydrogen barrier film 102 and the upper electrode film 50 
are etched in order to pattern an electrode film 5. Then a third 
hydrogen barrier film 104 is deposited so as to cover the exposed 
part of the ferroelectric film 4. Using a mask formed on the third 
hydrogen barrier film 104, the ferroelectric film 4 and the lower 
electrode film 30 are etched, in order to pattern form the 
ferroelectric film 4 and a lower electrode 3 self- aligned with the 
ferroelectric film 4. 
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*ta'jfc#*AU 7E£LTttl 0 nm<r>mitT)b~-V 
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1 203lg| 10 2S«10 n'm*S«T*. A 1 203BI 1 0 
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T«P t*«3<BT*<OA I 203K1 0I*:t> 

±35P t««5«fcO**l^B*©PZTIH4<!:T'; 
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[0 0 16] PZT^4J:iC(i. ±gBP tmSM5 0* 
5 0nmSS*t«L, CC9±(CMfC*PiSAU 7IH2 0 2 

« i o nmsanarr*. *iA'U7i2 0 2iii 

tt. **0*£llfDtft** 1 E - 5 c m 2 / s 
fl:<»Bta*J:<. K&ttHZ\Z7)\>5.-QAmit<to (A 12 
03) BIT?****. -e-COftfiA 1 xOyBI. A 1 Nl, WN 
I. Sr Ru03H. I rOxl, RuOxl, R e Ox 
AS. OsOxI, MgOxl, Z r Ox^co4'CO'>^:< 

2 0 2±K«. A-K^X£tf£LT->'Ja>^tlgl 
(S i xNyl) 2 0 3 ixOyNzi) £:/ 

5X'VCVDffi(Cd;DJ#ffl-rS. C©«»Rit«<0Ig 
T*3SA''J7I82 0 2»J. y7X-7CVDSICt5T« 
C0^7X*vy^-v$K±-r^<!:*(C. jaj»R£>ffi*tt 
£[p]±£-t*-SflB££-f £. i^T. S i xNy!2 0 3 
±l;Uy'7h/^-> (H*#i*) £^fi£U CCOUv 
7. h/t^->*lHTS i xNyI2 0 3£x-y^>y 
JluX-r-5. »6>nfcS i xNy!2 0 3£"7X:7i:b 
T. m7iZ7skT&0\Z, A I 203R2 0 2Rtf±85P t 
*S5$rX-y5 1 >yjlOX-r-5= IC 08(C^T=ko 
IC, S i O2^c0A- h"7X^ 2 0 4£±gBP til5 
*M-5<t5'<CA^->^fiKL, CMfflHTPZTl4 
RtfTSBP tUI3fl*Xyf>yLT. PZTI4 
tTSBP t««3*t±«P t««5J:0**^iii«*«f 

Sfc^co^. ±ffiKA 1 203BS£#flSLTfe«fc^ (ISItk 
■tt-f) . 

[0 0 17] E19{C7r<f Jc^tC. 

/t^^^^^s i o2^e/S:5a^*fe»)K6**fia-r 
*. fit. cMPmmiz^ommmmmG&w-iBit? 

C(D£g. SixNyi2 0 3i)«?fiftj8lO7h 

■v/ti&o, 0 i oic?sf ¥fi<b«ita<&'E>tt-5. -eco 

tt. B 1 1 \Z7*-t£.olZZiy99 bttfflULX, ±35 

p tnmsiz&misnz^ffi&i&Bi&t*. cco^ 

(VmS. TKsSA-'J 7^(i-€-C0Ji(CJgBg3nfcA- K77 
fT*4S i NM(C^0±3CP tmS.i:*{CA3'->in 
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3] 01 275^01 e\t, mmnmmziz 

®tC3&£T3<fc?K*^/\'U7!Il£fJfiJc-f&. E12I; 

**fc<r»«»JB3 0 1 Sfl-lTfil 0 0 nmCTIP t 

30±ICM!C mi 5 0 nm©PZTl4*X/V^ft 

6 5 0*CCD&3i?3?ffl»4'T'<Z3RTA (Rapid Thermal 
Anneal) MSfCJcO^llftS-a-S. PZT^4±(C«. 

CO 0 1 8] ±8BP tmaM50±IC«, S 1O2I3 0 
2 ^7X70 VDffilCiOitaL, <L<E>S i O 21813 

0 2$A-^TX^tl,T/t^->Mt5. -E-H, 
H13CStJ:5»:. -bSBP t«H5WPZTl4 

p. t mmm 3 ows®£-gi$x -y ^ > y-r « st-fr 

o\ f.lt^^tl/tffl^S i 028I3 0 2 
Ufcig. 01 4(C^T=k^tC, **/<fU7K3 0 3£*t 
^TSo C(0*$A'U7I3 0 3H 

1 E-5 cm2/sHT«5RT*«i*t|ff$L< > ft« 
Wt-«7;i/5X^Ag?{t#l (A1203) 

CDftlA 1 xOyH. AINI. WNI, SrRu031, 
TrOxI. RuOxl. ReOxI. O s Oxg, Mg 
OxH. Z r OiM&<n*<n'>K < 

o . c s#s L < tittffiifta* i k a 

- c m\>X±.<F>&MmdVmt. LT. A l xOy. ZrO 
x. MgOxli*(Zi'>^:< ISfflV^SCt^Tf 

•5 S i 02S^3 0 4<75A- h'^T.i^lSjg/l?--^^ 
U ;©77Jiffll>T. TKfgA* 'J 7IS 3 0 3 . TnBP 
tiSl3&mi3 0 lSl^>yjDlLt, % 

LT. 01 6(C7n1-J:o(C, JinjejHt6&JfrfXU a 

[0-0 19] CO*«5©»*{C«fc*t. ±SBP tiS5 
t P Z Tl 4 51§$nt/t^ - >m$ n, TSK 

p ttis^cn^iD^fnias^oTMsn 

3. -?-LT±gl5P til5©±W4. ±g&P ti!5 

mmarr. p botsnk^Kjhsn*. ict i mmm& 



m^u^frz. p ztia-wt i «nfc» 

[&lt<Z>ffi?ffi4] 01 7 73M0 2Oti. $ffi<a»ffi4fC 
J:*FRAM©5iW««c^-v^^i'«jtXS**r. C 

KrtgBic&iUf tt#* r /t £Hir J; ? >J 7Jg 
£:fN££-fcr-5. 0 1 7 (C^-fct 5 IC. -> U a >S« 1 (C 
h7>yX^ (H**f) &te&Lirc'&. t<D^m^^ 

'j3>»<b«MPojiiBiiaBk*2T«t»s|za{tr*. 

IMi2J:i:fti4 0 lSr^rLT. TS&P t Sffi 
3. PZTK4R^±gBP t^ffi5*^/Et^^S«:+ 

CO 0 2 0] JWfcWKtt; Ml 0 0 nmOTSBP t «S 
^3$rX/t-y^(C<i:0*tlSb. ^<T)±.\zm 1 5 0 nm© 
P ZT^4*^/t-y^ffiXtt\/;i"y;UffitCj;0*iSU 
T. 6 5 0"CcoS^#H^ c t 3 "CcOR T A (Rapid Therm 
al Anneal) fflUKcfc PZTI4±C 
±» P t «gR 5 S 5 0 n mgSHfl! 1 5. f LT 

V/Vs 9 C C'rott, 0^Lfc(^#. Sgl 

ro-7Xi7«S:ffl^T±g|JP tl|1S^5$rX->5 1 >^L,. 

■ffl^TPZT«4&anF«BP tttffil|£3£>X-y^>^£ 

csiot, 01 8tcjK-rj;otc. u^mr&ifomms a 
ufflir B ]iii6a±c, 0 1 9 k^t <£ 

■5K**A'J78t4 0 2 J«ai. SICJUSUOMle b 
£±tfflT£. BP*.. *H«K**A'J7«t4 0 2 £*H£ 
S*fcJilllM6«ll6 a, 6 b &*sc<D*lfi 
05»tt<O*#. «IL1«fKR6 a©**S±«.P til 
5. PZ.TI4. TSBP t «ffi 3 «f Off^-W 0 . 2fgJW 

^~>9C<DmZhiZttLT. 0. 0 5{g£U:J&>6 3<gJ^T 
(C-r^CttCctO. **A'J7Ht4 0 21MAI/-yJ; 

<%m-rzc£t>*vgz>. mmz, 020 tc^-rj; ^ ic 

^ie^7SrJgfi6TS. 
[0 0 2 1 ] 2KD*«©®»C*Sl>Tt). **;VJ7l 
4 0 2«hLTfi, *fOt£M* ! lE-5cm2/s 
«T©If* 0 , L < tthkffitn;^ lk Q - c mfiLh 

© j: <. f^«w u 7 ;u 5 x v 
(A1203) mx-ftz. z.<nmz* 7k.m/v)7m$:mffl 

(a#s i ni) &m%t ^iM-an^nmnw^r^^^ 
«. **yt u Tmt&mnfr* ww.&mm-r 

Z>Z\£\Z&Z>Km&®i)k-? -5flSg-S:7^„ IC. PZT 
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ZTI'MOT itt*|»lh«)3»**»»6tl*. A 1 

■J7K*Hiaift»«*-JB^LT»J*-r4CtlcJ:r). 

*SA-'J7IiLT, AI203Wffll. AlxOy, 
T i Ox. ZrOx. MgOx, MgT i OxHrotro'M 

[0022] [mm<DMm si @2in ±$£.%m<r>m 
tt4c±t)ft6tifc«it»c. s(cnnaieftiK6 c. 6d 

tzmz. jiibm&»R6 c , e droMCjfcss/tu 714 

H4 0 2**<Oip«ffifc»j«Ufc«liB**UTV>*. 

6] 02 411 **C»*4C«tO»5n- 

ttTtt. JHH!BM6a. 6 b'OlRCfll X*ti4*«A 
'J7g|4 0 2<7)JK§C^. 5*««#+1'/V>^C'<Z)TaBP 
t*«3<DJS«J:0HK:. A t.t£tt1&<UZ£?\Zl,X 
c<75^ffi[jgi1--5 cti;j:0. 7KSA'J7^4 

0 2'©T©BIU||&»Sl(f*ii-3T3»««<*+ + /^^^C 

[0 0 2 3] 0 2 5 «. 02 4ro«g$a*i:LT., * 
*/t'J 714 0 2 /V>*C 3 

■J7K4 0 2S+t/^^«2I-PT«P t iM 3 OJggB 
<fc 0 T fcES-T 5 C <h iz J; 0 **«»I8 jk<D8&**<* * 

<• C©«C««-WK:#*A'J7Bt40 2 4Antfct 

tt. l«l6bS¥ffi(bLTl>l>. H26tt, 12 

1 0>#|j6£a*£: LT. #*A"J 7Bt4 0 2 £&§§m# 
* r /1 x * C roiBJft£B 5 -^IBHfCA* -~ > y L 
UHSStrLT^-S. i2 7 2 9 it&mpMm* (Z 

■zznnmnmffiTiiZ. tk^/n*'J7^4 o 2&mmi®m 

ffl^T^S. HI J:"5t. /ffy»6&III6 a£t£ 



II. **AU7K4 0 2 £*f8L. X£JBMIfiftflt6 b 
**S«r*. £*$C @Fpl«6«t)l© 
/P**^K«^^A->^C(7)J?*.{c*fL/T^0. 15 

CMPXa©P8C**A'J7«t4 0 2SXh7/tlil 
Tfflfr»TJBM»»JR6 bZW-tBitt ■&. SIC0 2 9 Ktk 
1-J: 3 C. JUBIJ&WR 6 b JiCJUIMfiMI 6 c £^/£T 

[0 0 2 4] ;«fl©Ml;JiHT, 7K^AU7i4 
0 2I1 *5&a>t£Hfce»a< lE-5cm2/S JWT<£>l8l 
f^SWtCtt7JU= -Vl±mtm (A l 203) 
•t©ffl > AlxOy^. TiOxl. MgOx 
HI. Z r OxI, fe-5 0v«-?-coM^*5i+. *§^«hu 

c t«g^gB^ 7 t<Dm<omiBitmm&mm<z>mmz&i& 

tZZttfXZZ. **/1U7lt*«M»«Bt ( t» 

c}fAt5 r. t k «t o , &mn#* +• /t ott&'j&ft 

2 2RtfH2 5£SLfc*«®»aCfflt»SC£fcprii& 

T&fc*K 122 2 5OT2 507KSSA*'J7B4 
0 2*Xhy^«tLTffl^»TJBia«»iai6 
L. ««}±JCjini6IUl6c«»JsKLTi **ni/?c 

7 £<Dffl<»mfs\tmf& : $:mw<nmm\zM&iT 
m&m 6 z m m<nmmiz mutt % m & iz m v c <t ^ 

flgT*-5Ci«tr^^Tt)^:Ui. El 1 6 *C07K^/N*'J 7 

[0 0 2 5] CCT, 7KSA''J7l4 0 2^h7/tl 
iLT^^- H3 0C^-T«k -5^^124 0 2* 
SSA'J7^±CS i xNy (fcL<(iS i xNyOz) 
■jJ>6«C*^ h^/t||4 0 2 b£ 1 0 0 kmSLMfct 

Xh7/«4 0 2 b€refflLTBF B ll&a^6 b*¥S<b 
-T-5. 2IC7n-TJ:'5«C. IMM6bll;I 

x. ±&p tmM5izmm2 nzm?&m 7 

5. JK&tMSSA'J 7M±C0X h y/t-S i xNy (t> L 
<ttSixNyQz) II 1, 16. 22, 2 5 

iz&^x'bmi&ti.mmumtf'sjmx'&z. 
mm<nMm7i m 3 3 nmm 3 6 «. *saro^7(c 

J;5FRAM<7)^il«:=l i ^/1S/.^.S3tXg*7nT. H 

3 3 ICtkTJ:^ (C. y | j3>iSll:h7>y'X5 (HI 

®F H 1^StK 2 T?at»¥Sfl:-r*. dco^r B 1«6^:Si 2 ±© 
2Mntt*ir/li'9J»&WmtZ\tm7 0 1 SrJjDXT •5. 
fit. 0 3 4{C^1-J;olC. **AU 717 0 2 * 2 
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OnmSBEit«U iR^TTBP t*ii3 0S»10 
Onm, P 5 0 nm*«t5. ^CD&P 

ZTK4ti. 6 5 0tffl»*»iafr«RTA (Rapt 
d Thermal Anneal) fflS(::<fcO$gii{t£it5. 
[0 0 2 6] JS<^T. 12 3 5{C7K-TJ;-P«C. CMPffiS 
£fToT. 170 l©n»JT?»a**AU7llll7 0 2#f& 

pztm4 7>5«7 o i ic©*s«M&*ftfcttiR 

K. PZTK4±»C**A'JTil7-0 3*ift«L. Ctl 
C±8«SM ±SBP ti!5£/^-> 

#J*-f*. **/ , CU7»7 0 3»4±*P t««5t*lC 

e.ns. d©«t4H*u«c^»*«. JimftiMt&tftu 

»«K*t»T, **/f'J 717 0 2, 7 0 3 t LTte. 
**©lt)l!oea*« lE-5cm2/s JJIT©!*-?* 0 . 
»* L < teit*£ta# l .kQ-c m£t±«)*Kafl;»«t*« 
<£<. tt«Wf;:te7;USx^A8Kfc4&l (A 1 203) KTJ 

£tcc<Dmm<DMme>ms*m;'W7m7 o 2, 

7 0 3iLT, A 1 203<Affc, SrRu03, Z r Ox, 
RuOx, SrOx, MgOxH^fflV^n-1)^, JiffliJcD 
**A'J7*7 0 3li±T^«£MI&f •SC-hlCft-Sfc 

*as©»ac«t*<t, #(ctsbp t«@3(c*ii-?)7K^ 
z t^co p b a>n^rttftA% < , &tiit&mm*>n 

5. HtZ. 7kSiA'J7lg7 0 2. TgB®M4. PZTl 

4«. 87 0 irt»cas»^wt:»j«-r*ct*tT# 

*. **/t'J7K7 0-2. TBMMOI 3 0, . P Z 

T^4€:X->^>yttlI{Ci:6.-r. CMPfflStCiO Jfl 
IITW. CCOfc*. 7k??tA'U7Jg£7 0 2^TSB«ffi 

[oo2 7] mm<D&m 8] 03714. £t£mm<DB 

ISTtt. fl|R]f&ro2fc)EMiLft:ift7 o lajKlif&tfM 
MHtK^a*U7K7 0 2-£»J58Lfc«. TSBP tfi 

3. PZT*4&tf±fflp t««5fe«i*:»7 0 nca' 

^A/T^S. -€-LT. HCtKSSA'J 7I&7 0 7-C*Y 
/V>*C(D***«I,>, JHHfeftK6&*fftL&&. n 
hdFL*B8PLTSSTiB^7 4^LTV>S. C£> 
Ife&Swj^SglcJc-Si:. P Z TlKlc*hr«**«;«a*J: 19 

aaswc mm a n. ®n;t &ti§m#* * a -> * 
ens. at, pzti^ot ittmwuK. pzrm 
<ppb<DSwmwa*tt<< ■«nfc»'it*»»-6ti-B. s 

9] 03 814. HM<7)^S8 8$5?tCjiis!) 
T. JigBOTKSS/N'U 717 0 3 *-CJS7 0 HZMtb&tS 



St. 3Sl^m#:+rAv'^<75±<*:^7K^/N* l J7K-CMo 
C HC P ZTBI^CDT P 

z two p b (DKjj&mtfts. < . mntzft&fim 6 n. 

[0 0 2 8] [*JE<75^9I1 0] 0 3 9 71M0 4 IRtf 
04 2J5I04 3I1 T«P t*K0>T»C#*A'J7Bt 

i:p z theirs ic t>*&A* u rmzMtfi.-? z> «t 3 c l 

■F'RAM05*r^^^»ifiXe*S«-r. 0 3 9 C^T <£ 
■5 tc . h- 5 > v X ? *iJgpE$ nfc y'Jn^ISli;! ffi 

mmm2 *»j*ufc», c«?±ic**a'J7BI8 0 1 * 

frLT. TSBP tl|ffiSl3 0. PZT*4;fttf±fflSWII 
|g5 0£J«#;±ftffl-f6. PZTR4»CS*LtttflftJ»«l 

AU7K8 0 ltLTH **©je«tft*flE-5c 
m 2 / s &T©&K»fM»ila«<fc < s «3S»lCtt7;U5 . 
-O&mitWl (AI203) $fc CWUfficDfl? 

I(Di^*iA'J7l8 0 1tLt, A 1 203<7Dffi. S 
rRu03, ZrOx, RuOx, S r Ox, MgOx3?<75 

'>t&< th— mwm^znz. z\<d&. i24 0(ciK-r«k 

4 1 (C*-r«fc -5 (C. S i 02H8 0 2**t«U l/y'7 

5 i 02W8 0 2 m^tLT,, P Z Tl4, TSBP 
tmffifR3 0RC/**A''J7W8 0 lCMLT, RIE 
*?<£>K7-f X -;,■?> PZT!4iTffiPtl 

JDXTS. CintCckO, 04 2 (C^1"j;^(C3$aj|mi*+ 
[0 0 2 9] ±i£05PZT|g|4. T»P t ««JR3RtJt 

*^/>' i J7ai8 0 lro^-fi'yf >^ntii pz 

.TK4a?TF«P t«aK30A»SiBCifitifl!S. Srf* 
#HCte7 5° et±©a«»ffitS:*J:'5K:xy^>ys 

t. 04 2fC7r<-rj;5(C. iaX^nfcPZTSS4atTF 
gKP tteS3C0fi"MtCttfftS^W8 0 4*«»)«Sns. 

0 4(4. *SRA'J 718 0 1 C«*M)B 
^. PZTI4, Ptl, S i02I#(»X-yf 

^<DtK3RA*'J 7%}&%7ik-t'bV> tt£Z>. *<ntit, 04 3 
t. ^ /^i/ ^crofflffifcSldWtc** A U 7 

S**S»-3«»BI*»*-r*Ct*«T*-6. PZTI'X 
©T-itttt. PZTI©PbOJV*ttlR!j»a<. «4afc 



(11) 



*#BH¥ 13-036026 



mx-pz TB4 Rirfmm& 3 &*&i*mm-cmxLx 
»i«oiii 1] i4 4it nmnmmi ucj:*f 

RAMO!Mttt4Mr*/13'3'*l&*a*-r. ft&OTP t/ 
PZT/P t»jfi03S»««s*ir/ , <">^1?tt. ^IBfiH 

^i:, ±Tiffi5, 3tPZTm4<DfflfZS rxRuyO 
zm (fiL. ffi^Jtx. y JWT-C* 
CSROltl-^) 9 0 1, 9 0 2 £tf-££-ti\ 

[0 0 3 0] ft#W&««IStt. JilBH6H«2 JiKT 
gBP tlg3iSROl9 0 1 ^X/t-y^lC^OitWL- 
T. ££k{t7--)ls$:ftO. *1>TPZT«4*^I 
2~4. 5 P a<O*ftrJft^A-y^{Cj;0«aU. i&tt 
TSROI9 0 2*Jt«b'T. C©8Wn?ISJHt7'=^- 



i EiataT. ±§8p tma*/^->^-r-5. m 

t^T. giJOU V^5 7^lStR I ElStCiO. PZ 
6 5 O-COTIelttZn-^Srff .•5. CCD^0*L/«t^*«. 
?L£IS«\ S«6 5 0"COlB!«7--JH&fT^. EH* 

(nm) . SROI9 0 1, 9 0 2 CO&KJITsro (BE) 
(nm) . Tsro(TE) (nm) , P Z TH4<75*SfHfciS 

«. Tsro(BE)=Tsro(TE)i:L. Ctt^JLXFT'ttWcT 
sroiLT«T. IL. +t->-/;UNo. 12lt TSBH 
Sffl{c«)*.SROiK*i9:^fcW. No. i3(i^-rmc 

t>SRO*&Stt&H«T**. ma&Mk\*» 

fiQSW (uC/cm2) t. "m$mt (Ottfi. Att-^ 

[0 0 3 1] 
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[SI] 

wm i 



Tpzt I Tsro 



\msasmm 



QSW 



No. 1 


(on) 1 




(nm) 1 


CC) 1 


(tf C/cm2) 


1 1 


15 0 1 


1 


10 1 


5 5 0 I 


15.6 I 


o 


1 










2 


1 15 0 1 


1 0 I 


6 5 0 I 


18.1 I 


o 


1 










3 


1 150 1 


1 0 I 


7 5 0 I 




X 


■ 1 










4 


1 15 0 1 


1 Q 1 


6 5 0 I 


22 


O 


1 










5 | 


15 0| 




2 0 I 


6 5 0 




X 


1 










6 


1 15 0 1 


1 o | 


6 5 0 | 


22.7 


o 


.1 










7 


1 15 0 1 


5 


| 6 5 0 


I 17.6 


1 


A 




r 






8 I 


15 0| 




2 


6 5 0 


1 'J-** 


X 


1 










9 


120 




1 o | 


6 5 0 1 


16.2 


1 


A 




1 . 






10 


90 




1 0 


| 6 5 0 




X 


1 










1 1 


I 2 2 0 1 10 


I 6 5 0 1 


22. 4 


O 












1 2 


15 0 


l o <T<0*) 1 


6 5 0 | 


12.4 1 


X 


1 










13 


1 15 0 




I 6 5 0 


I - 7.6 



I 

I x 

[0.0 3 2] £A±'©»**>6, ig&^X h-tf->7MU© 
^-rSMcS^T. P ZTUCDJl^TpztiS ROflgGO 

*-5o it>^No. 7^€>Bje*^ct<fc'5tC. SROl 
OTJf*.Tsro*«5 nm. SEoTiiTS ROHgtf>£tHlgJ¥ 
1 0 nm*»Ttt,--Jl*(F/a:IS**<#6nTt»*t».-' J E-U 
TI4 5 CD— S»»A4S RO^COi?*-Tsro<DJlft(73 
ftffiTJKfiJcnJflg&fi/MI 5 nrnTE^nSigMSiCOtlgB 

(3f, .1 O^Tsro(BE) +Tsro(RE) ^ (3/2 0) Tpzt 
- 2 ta$n-5. «BSMCttC(DaSHtt. lOgTsro 
(BE) +Tsro(TE) ^ (2/12) TpzfCjfiflUSn-S. # 
CJFSKll **B«T<O«H-C*0. £fttt«l&. 
1 O^Tsro(BE) +Tsro(TE)^ (2/1 5) Tpztift 
*SII{fci&gfCtHiT«. 7 5 0*CCD-9->:/JI/No. 



3t?W:'J-£a<**< . Cfttt*SJMt7'--;i'#a*:T 
a65it4SLTV^. i4 6ll JtiBco^X 
JUNo. i*fXh (32*5 V COX 1- UX 

S'/t;UXlI2 0 u ST 3 E 1 0®EM0) SrfT^fc&CDg 

(%*) «*!J«mk« (**» t^fc^ufcfeco 

114 7(2. IbJIX^xX hleliSctg^ttffifi 
»2 0-(iC/cm2Tf»5Oi:j»U «»«tt3 0uC 

[0 0 3 3] BP£, 0CjpLfcJ;-5fc, P t/SRO/ 

PZT/SRO/P tmj&<n&®&ft*-W>'?&Mi$, 
r o««?ji^-*a*5-rntf, *9W*tt®jPiJtLfc!M!fi 

[HISC0^ail2] P ZTl^ffl^tSifMfAy 
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i> \Z «fc 3 «rtt £{b*«|H| ■ left 5. £ £>}JDX 7 □ ir X 

[0 0 3 4] @4 8ll CKO^iSro^aiCtSFRAM 
©«ift*ji?tV -> U 3 >S« 1 fctt. 3§S!S#*-WV> 

Snt^S. h7>->'X^QIl ->'J3>SS1 (cy-: 

Mean 1 1 *^i/T»rtsnfcy- hmis 1 2 1. c 
ncge»^'$nT»*$nfcnatt:«jii 3t*>6* 

rubor 2 Tibnt?«fcsni). mB»&»R 2 tc« 

n WteWLM 1 3 Cj*t« 3 >^ h^yi 4 

Sft4. JI|BIffiift|R2±fC. T»Pt*«3. PZTI 

4 st5±gK«s 5 **?,tiL*mmn»*+rti'4r cwm& 
sicttxcnrJittJMt 6 wB*s.n. 6 

ttfUI'l 3*««-r*jSl»*«E*7*«|»j«Sn4. 
/t^ci:»t«'3>^>h2ili. -e©±gBm@®« 

©*£ais. yif-f jhc«£oT— Sfcsn, &B 

E^7(75n5!ffi^:g 1 3(C*rT3 3>?y- h 2 2 '9ft 

tt«#*+^s/^c»c»-r*3>^^ h 2 1 

Ttt. *W*->^CI;:*t-r*3>** K2 1 £i£»Jf 1 
3C«n3>^^ h 2 2 fCJt^T**<l9!3tUTt» 
S. ^-LT, CKO^^/^->^CJCit-r-53>5'i7 h 2 1 

[0 0 3 5] @4 9 7>S0 5 1 ttC<0*«O»«lfC*ti 

IH«WR2±C«SWitUTT i BW/ty^CiOft 
2 0nmit«L. -g-©±(C^ 1 5 0 n m©Tg|$P t HH 
R30*X/'W*KJ:!5«Mrr*. T$P (1113 01 
ICMtC. 1^20 0 hm©P ZTR4£*/1*-y ?ffi;*.W:7 
JUy^teKcfcOifffl-rS. *©«PZTi4ll 6 5.0 
X:<Dmmmm^T<DRT A (Rapid Thermal Annea 
1) »EK«fci)fciHfc3-&«. PZTI4±CH ±gB 
«SR5 0*i«rr*. ±SS1tMR5 0(i. 175nmi 



S©P tlXIl S r RuOx (1 nm) /P t (17. 
5nm) ©fSHRt-f*. ±S*Bllt5 0*ia«L&^ 

a5«a'5*a-5vxi7»4fflt»TjeicpzTgi4. tsb 
p t««K3oat;T imz^v^yymxTz. c© 

ttttT. 6 5 0t©B*»H«4»T^;*-'>'ls!«©fcii> 
©JfcfflSfcfr'S. HtCJl BSHfe&R 6 £t{t«U 3>*^ 

t^y^CCM-r53>^? h 2 1 li. *©±a««ffii 
aX{C*fr-5n>37^7 HSY*«, Y/XSO. 5^7t 
Tdcotr^-r-So CCD^SIT-, f?ft. 6 5 0"C©g?3li 

», T i /A l'RCJ:4E«*»fiK-r*. 
[0 0 3 6] 052 RtfH 5 3 tt-ttl-fn, ±«*«i 
ITPtl. SRO/Pt«6fflHftiti:5^T, ± 

«*«3>** hmmoxziEt. »h«i«jsk 

LfclSSSrjKLT &0©*i6Sltt. ±gBmffi3>^ 

0. lgflre*P. C©i#B5 2-Ctt. 3>*£h?l 
±g?*^3>^i7 h®«it^0. 5JW±iC-r-5<h. n> 
Tett»J*txfc»©#«*a*B*K**<fcoT^*. 

0 5 3Tfc^fl)«iBiW6n5, cnecon^e^ 

6^(C. ±gB«4i3>^ hffi«tt;£0. 5Et±t-r* 

[MM<DMm.l 3] i5 4(l COPilCFRAMffl 
*«©»»T» 9 . -@©'JVy57^l8T?t;i/77 
9 -f > S nfc«« & tAy? £fl5fi£T i>*ig 

©J&Jg-Ci&S. STFC 05 5 7120 6 l£#S8l,T* 

#WK:iKBi»*Rwr«. -> u n i ctt$r. 

ST I (Shallow Trench Isolation) fCfc 0 SH^SS 
*B;iSR3 m^mf&mm 3 lliLOCO 

SSi:J:oTMLT*j:K ■?■©§*>' 'J 3 >««ictt 

{LRl 1 £7£J5£L. nIMfiy'Ja>tWS i^fffly 
'J-tr-f KR©«@«!jg*ve,^^y- i 2 ^^fig-r 

T/i^->jgfi2-r-5. i«y-Mffi»s£i:t;i/777 
Oy'Jt-fH (itUir-fF) xs*ffl^*ctfo-c* 

nSMI13JMtS (0 5 5) . 

[o o 3 7] »i<o«iwia»Bt2*isau. 

PL (05 6) . C<D3>?>7 b?liZ3>5>9 h-fvCf 

1 6£iIS!>iitf (05 7) . CCOa>^i7 h^i/l 4 
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©&. a>^^ h^yi 4*<s»a$nfcjBiaift»« 

2±C **A->i'»JSfl!0>T«P t*«j«30. PZ 

T*4&tf±sp tmmm5ozm-Amm-?%. pzt 

^4«itlg^. 6 5 0/C~7 0 0 < CT'i&.§f.{t7X-;U£ 

ffo. T95P ta®30Rt;±gcp t*S5ot p zti 
4CDp B iic}s» fttnnmnmmi iT-mwisfz^^iz. s 

**tt3 3**»U ^-©±(C hA?-> 3 5 * 

/t^->^fiET-5 (05 8) „ fit, S^14x-y?> 
fCiOA- K77^M3 3^/t5'->JiaiL. kvT. 

(0 5 9) . 

CO 0 3 8] ^^T. S«A— 'K VT.^7^3 4 £i£«-f 
•5 (06 0) . C©A-[!7Xi7tt3 4ll 5feOA-H 

aBoTfccfc^. C©A- KVX^W 3 4 ©JP*tt, PZ 
Ttt4©/**iHg«a*&2«iaT<Ot>0>iT*. :ft 
tt. -hSBSffi5co«gB7i^TgBmS^i:&W5Sm^^ 
*«*J:*P ZTlM©IIB*a*»-ttK:3£tf*fc«6. ^©# 

SfZLw. 'aaifl:t©*tt^^*>6. c©gjg©igijs 
tTzcttfmmx'&z. tit, a-i«^?m3 4 

F 5> -f X -v ^ > f (C <fc 0 X y *rt y 9 L T. W. 
1 ©A- 3 3 £±gB«® 5 ©fflijg©* tenuis 

tLTSt (E96 1) . A-H7^3 3. 3 

4ST'7JtUTfflV>TPZTR4tT«P t'fgl3 
0SrS^rttX-y^->^C e tOA^->j!jPI-r-5 (0 5 
4) . cn»C«tO, PZT^4<hTgl5P t««3#. ± 

m p t mil 5 ck o -£©h«©j£# o en*. 
Co o 3 9] »±to£3ccro*ifito»»fc:j:ntf. 1 

lal© 'J 7^77^ I8"C±«««IC»UTij|«*f*:mc 
©4$&7'J yytffc-SCtKiO. ^7"ntXl?©^ 

*. $tT»t*it±«tiJ: <o nflucsaE-ra c t 

T. TgKmS^X-y^>^J!)nX-r-l>i:#fCP ZT^ffliJE 
tB&ih-rsct^-C'**. MIC. -hfflMt«SSI«<!:TfMI 



*«#**ttffi«4tfo»£i*M©«Ulia«»sn*. 

mm? se^TTScmstco^Ttt, 
7i/-hitntfiK 0 5 4 <r>mm<Dmm<Dm^iz 

*JtoS«S!ftift^Km^ WA«PLZT ( (Pb, 
La) (Z r , T i ) 03) S BT (S r B i 2T a 

209) £m^tz®-&\zbmmizz.<D¥£w&mm?z>z.t 

Co 0 4 0] sc. »«lnii P tilroftti 
o tc i r^<nm<D&mnMzm^fcm-&bft%}x$>r)^ 

*n£JW<O*«S<0»J8tt. Pt*t©tt, I rfS^ 
JB&lfc#;l rOx, RuOx, SrRuO^rofl, A 

[0 04 1] 

ffofttii&it&mfflLx. anfc^roauBHMM 1 *- 
[0iS©ffim/«ci«^] 

C0 1] C-©»W©.*tt<0»»lC,fc$FRAMro«« 

C0 2] C©»W©SSEJfi05»JBlK:J:SFRAM©ai« 

C0 3] £<D?£W<Dmte<DM&l C«k5 F R AM©&8 
-V Ay * ©SiiSX^^^-r 0T"£> -5 . 

C04] rasiMojBMciaaiwm^vAs/^rosifi 

C0 5] ra**ro»asfc«fc*»«««:*^Ay^ro«J6. 
XS^^-T0T^5. 

C0 6] C©5S9!©3SJfi©Jgffi2(;:«fc-5FRAM©&gt 
Hfls:^ -v A v ^ © ffiiii Ig £ jp-T 0 "C <6 5 i 

[07] C<O*W©SHJfi<O»»2K:«fc5FRAM0>!fitt 
r /1 ■> ^ ©SitXg Ztk-T 0 -5 . 

C0 8] C«5*M«3*»«5»»2-CJ:*FRAM<05fi»| 
l#*YAyy©|3IIi$StiT$>?>. 

C0 9] ra**0)»«CJ:*a6«««:*-1rA>'3'O«it 

C01O] P!#itt«5»!l»cJ:*3fi«*fr*r/V>^<D» 

C0i i] m-gmnrnmizj: z&mnfe** A->^©ia 
itxs*^-r0T-*s. 

[012] C©fgBJ©HJfi©^SI3(Cj;-5FRAM©^ 

r a -> ^ ©1S&XS §r*1-0-efe 5. 
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[013] Z.<nmW<Dnm<DMm3iZ£ZF-RAlA<D& 
[014] C<75^H^<75*Jg»^3{Ci;-5FRAM<0^ 

[015] mmm<Df&mizj:z>&®n&**/ii'*<r)m 

[016] RS«fi©»»»Cj:*!il»«#*ir/t->^©* 

iixs*^-r0T-fc-5. 

[017] Z.<DRW<D$yfc<DM1&4iZ&2>FRAM<D& 
[018] Z\<D&mv>nifo<nMm4 iZ£ZFRAM<D& 

ifixa^7K-r0Tss. 

[02 0] ftXI&Ol&mz*. 
jtxa£^T0T<&5. 
[02 1] C©fg9!<D||jg<0^iS5fCj;*FRAM<&&- 
r A x * (Dffim * *T 0T * S . ' 

[022] iwnsfiwjgsgco«jg*^ufc«iii*^-r0 

[02 3] 02 2<D^m<nmm<r>mm^mLitmmt: 
7K-r0T^>-5„ 

[0 2 4] Z\(DRm<D&1&<DmVl6iZ*.&FRAM<D& 
[02 5] W*ttro»l8fl3«jfi*-«»Lfc«liB**'rH' 

[026] 02 KnnmcDBWwmmz&MLtzmm* 

[0 2 7] C©^CO*Jfi<Z?Jgffi4(C«fc5FRAM<D^ 

[02 8] CW^W(0jlSfi©^4(Cd;-5FRAMCD^ 

[0 2 9] i^^CDHJg©^4tC«i:-&FRAM<73^ 

f A (Dgjjlxa £^1" 0 T'$> -5 .. 
[03 0] C<7)l?WW**S«)J^S84^0i](Cct-5FRA 

m (Drngmfo* -v / $ roBjjtxas^r mr& z . 
[031] c<Df&m<Dmm(omm4%mmizj:z>FRA 
MCD&mmit* ©git xa ^TK-r 0 t<& -a . 

[03 2] £©»iS©*JS©»»4*»WfcJ:*F-RA 
[03 3] d«)^^CO*Sfi<7)^!i7(C<J:SFRAMCD^ 

[0 3 4] 'C0O^W^JS©}gJi7{Cj;SFRAM«® 
V /t v * CDSJjtXa * 7p.tr 0T-S> § . 

[0 3 5 1 C<DS£m<nMt&<»M& 7 iz£2> F R AMfflt 
V K ~s 5 COgJit II £ TK-f 0 T-S> -5 . 

[03 6] C<75^B^OT^j5g<O^Si7(Cj;€>FRAM<75^ 

stm^* r a° -> ^ cosit ig &7jkt 0 -5 . 

[03 7] Z.<Dftm<nm&<nB&8lZ£.ZF RAM(»%t 



[03 8] d(O^BJCD^Sg(75fl^S|9(Cct-5FRAM»?S 

[03 9] CO^©||J{|C5^i OCiSFRAM© 
9»»«#* t.'t^ ©13j®X*I£7n-r0T& *. 
[04 0] CCO^ODHJgro^ffil 0l:i5FRAMffl 

[04 1] drofe^oHJgODJKffil OtC^SFRAMO 

[04 2] H*ttro®»K:J:*Mtt«flK*-w*S'*<D« 
jgxs^7K-r0-es.-So 

[04 3] BI*itro»*K:J:*5S»l«(*:*-l'/t->^©« 
jfiXS*7K-r0T*-5. 
[04 4] uffl^f 1 1 F RAM© 

[04 5] ra*ifi©»«-c©T-^ h-y->7 r ;KDR»t» 

[04 6] I^U<^p a pT-X h+J->^;UTroaj^tti:^ 

[047] [^i;<^D a p-y->yjK75^i#tt^7K-r0-e^ 

[048] C05!W«)*«i<0»»'l 2l:i-5FRAM© 

[04 9] i?i**co»«T?©^-v^->^ro«iixa*^ 
[05 0] m%m<nm&^<n*rnis9<r>mm.TM*m 

[05 1] H**©»«T©*^5'>©»fiIS*jR 

[05 2] [^'*«Sco^g8-eco-y->7 p >'i/<»^ij|«#:*Y/i 
$>%><, 

[05 3] !H*Jg(75^Tc7D-tf>y;K75^S|«#:+rA" 
->*©±S««3>** hffim<i:lHia#14^7KT0T 

[0 5 4] £©fgBfl©3&&S©fl£1il 3fC,fc-5FRAM© 
«ig^^T0T$>-5o 

[055] ra*i6«)»J8oFRAM<bsHjfixa**-rH 

[05 6] ra*M©»»©FRAM©«jIXS*5ft-fB 
[05 7] W*lfifl5»a«)FRAMro«j6lS*«-ria 
[0 5 8] raSS*«)»»©FRAM<Z)8«fiXS«:*i"H 
[0 5 9] .IW*M©ffi^©ERAM©i3jlxa£*-f0 

[060] mmMe>Bm<nFRAM<DmmT.m&7rs?m 

[06 1] |tH^ffi<75^M©FRAMroi3jiXa*7Fl-0 
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